TRAIL-R2 (DR5), one of the death receptors, can activate the extrinsic apoptosis pathway, while cellular FLICE-inhibitory protein (c-FLIP) can inhibit this pathway. Both of them play important roles in the occurrence and development of most tumors. To date, there is no relevant report concerning the relationship between expression of DR5 and c-FLIP protein and clinicopathological/prognostic implications in patients with non-small cell lung cancer (NSCLC) treated with surgical resection and chemotherapy. Thus, the aim of the present study was to investigate the potential prognostic significance of DR5 and c-FLIP in NSCLC patients and their predictive roles in the chemotherapeutic response. In the present study, DR5 and c-FLIP were detected by immunohistochemistry (IHC) in tissue microarrays of NSCLC. The results showed that the expression levels of DR5 and c-FLIP were significantly higher in lung squamous cell carcinoma (SCC) and lung adenocarcinoma (ADC) tissues compared with levels noted in the non-cancerous control lung tissues (all P<0.05). In addition, DR5 expression was significantly increased in lung ADC (P<0.001), whereas, c-FLIP was higher in lung SCC (P<0.001) and smoker patients with clinical stage III (P=0.019, P=0.016, respectively). In addition, NSCLC patients with overexpression of DR5 and loss of c-FLIP expression exhibited a higher overall survival (OS) rate as determined by Kaplan-Meier analysis (P=0.029, P=0.038, respectively). Multivariate analysis confirmed that high expression of DR5 and loss of c-FLIP expression were independent favorable prognostic factors for NSCLC patients (P=0.016, P=0.035, respectively). In conclusion, overexpression of DR5 and loss of c-FLIP expression may serve as novel favorable prognostic biomarkers for NSCLC patients treated with chemotherapy after radical resection and used as predictors for tumor response to chemotherapy drugs.
Introduction
Lung cancer is one of the major malignant tumors diagnosed both in men and women worldwide. Lung cancer is classified into two histological subtypes: small-cell lung cancer (SCLC) accounting for 15% and non-small cell lung cancer (NSCLC) accounting for 85%, mainly including squamous cell carcinoma (SCC) and adenocarcinoma (ADC) (1) (2) (3) . Postoperative adjuvant chemotherapy aims to eliminate residual cancer cells and increases the overall survival of patients with NSCLC. Platinum-based chemotherapy is used as first-line therapy for advanced lung cancer (4), but not all patients experience favorable outcome. The cytotoxicity of these drugs has been demonstrated to be mediated by apoptosis and a defect in apoptosis makes cancer cells resistant to gemcitabine and cisplatin chemotherapy (5, 6) . Therefore, the identification of response markers is helpful in predicting the response to platinum-based chemotherapy, and it is important to identify new biomarkers for determining the risks of occurrence and progression and the prognosis of lung cancer.
Apoptosis is a common type of programmed cell death observed in various tissues and cell types, and is mediated by a set of cysteine proteases activated specifically in apoptotic cells (7) . DR5 (TRAIL-R2), one of the death receptors (DRs), is a plasma membrane protein containing intracellular death domains which transmit the death signals into cells (8, 9) . When tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) binds to DR5 or DR4 (TRAIL-R1), the adaptor FADD (Fas-associated protein with death domain) and caspase-8 are further recruited, together forming the death-inducing signal complex (DISC) and activating the apoptosis pathway (10) (11) (12) . Overexpression of DR5 can induce apoptosis of human cancer cells. It has been shown that DR5 is emerging as an important regulator of drug-induced apoptosis in human cancers (5) . c-FLIP [cellular FLICE (FADD-like IL-1β-converting enzyme)-inhibitory protein] is an important inhibitor of apoptosis protein (13) . It is reported that c-FLIP can inhibit the activation of caspase-8 by inhibiting the binding of pro-caspase-8 to DISC, thus blocking Fas-mediated apoptosis signal transduction and ultimately inhibiting apoptosis (14) (15) (16) . It has been reported that c-FLIP is overexpressed in many types of malignant tumors and is significantly correlated with the poor prognosis of patients (17) . Thus, c-FLIP is a promising anticancer target (13) .
Currently, more and more studies have shown that inhibition of tumor cell apoptosis is a marker of the occurrence and development of most or all types of tumors (18) and there is no report concerning whether or not the expression levels of DR5 and c-FLIP protein are associated with the clinicopathological features of NSCLC patients and the prognostic implication in these patients treated with chemotherapy after radical resection. Moreover, the association between the expression of DR5 and c-FLIP protein in NSCLC remains unclear. Therefore, in the present study, DR5 and c-FLIP protein were detected by IHC in tissue microarrays (TMA), including 227 cases of NSCLC and 49 cases of non-cancerous control lung tissue. Thus, the aim of the present study was to investigate potential prognostic significance of DR5 and c-FLIP in NSCLC patients and their predictive roles in the response of chemotherapy.
Materials and methods
Ethics statement. Samples were collected with informed consent and all protocols were approved by The Second Xiangya Hospital of Central South University Ethics Review Board (Scientific and Research Ethics Committee, no. S039/2011). All patients involved in the study or their guardians signed a written informed consent.
Clinical data and tissue microarrays (TMA). In this study, a total of 227 NSCLC patients aged from 25 to 78 years (mean age, 55.8 years), including 124 cases of ADC and 103 cases of SCC, and 49 cases of control normal lung specimens were obtained from the Second Xiangya Hospital of Central South University (Changsha, China) between January 2005 to January 2011. Complete clinical and follow-up data (Table SI) was available for all patients with written informed consent and this study was approved by the Ethics Committee of the Second Xiangya Hospital of Central South University (No: S039/2011). In this study, we chose the cutoff of age (<56, ≥56) based on the average age of these patients. Lymph nodes of the 'LNM status' mainly refer to the lymph nodes in the specimens of lobectomy + LN dissection. Whether the lymph nodes present with metastasis (LNM status) or not depended mainly on the results of the pathological diagnosis, and the classification of lymph nodes (N1, N2 and N3) has been included in the clinical stage. Duration of follow-up (median) was 1 to 60 months (27 months) . For all patients a pathological diagnosis was confirmed according to the WHO histological classification of Lung Cancer (19) and the staging classification was carried out based on the Eighth Edition Lung Cancer Stage Classification (20) . No patients had previously been treated with radiotherapy, cytotoxic chemotherapy, immunotherapy or target agents at the time of original operation, but all had adjuvant platinum doublet chemotherapy after lobectomy + LN dissection, including cisplatin/carboplatin + gemcitabine, cisplatin/carboplatin + paclitaxel/docetaxel and cisplatin/carboplatin + pemetrexed within the time period investigated. Tissue microarrays were constructed according to previously described technology (21, 22) .
Immunohistochemistry and scores. The staining for samples on the TMAs was carried out with the ready-to-use Dako Envision TM + Dual Link System-HRP methods (Agilent Technologies, Inc.). As described in detail previously (23, 24) , the staining condition for each antibody was adjusted according to the laboratory experience. A 1:4,000 dilution of the primary antibody to DR5: Apo2/TRAIL-R2/TRICK2/KILLER (rabbit polyclonal antibody, SKU 2019, ProSci) and a 1:300 dilution of the primary antibody to FLIP S/L (rabbit polyclonal antibody, catalog no. SC-8347; Santa Cruz Biotechnology, Inc.) were applied to assess the expression of these two proteins. In addition to the internal positive control, each experiment included positive control slides. A matched IgG isotype antibody was used as a negative control to confirm the specificity of the antibody. Immunohistochemical staining of TMA sections was independently evaluated by SF and JF, who were blinded to the clinicopathological data, under x200 magnification light microscopy. The evaluation was based on a semiquantitative method (23, 24) as follows: Overall score=percentage score x intensity score. Staining intensity for DR5 and c-FLIP was scored as 0 (negative), 1 (weak), 2 (moderate), and 3 (strong) and the extent of staining was scored as 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-75%), and 4 (76-100%), depending on the percentage of positively stained cells. The scores ranged from 0 to 12 and the optimal cut-off levels for DR5 and c-FLIP were 7 and 4, respectively, according to the basis of log-rank test with respect to overall survival (OS) rates. DR5 was divided into low expression and high expression, and c-FLIP was divided into positive expression and negative expression. Agreement between the two evaluators was 95%, and all scoring differences were solved through discussion.
Statistical analysis. All statistical analyses were performed using SPSS 24.0 (IBM Corp.). The Chi-square test was used to analyze the relationship between the expression of DR5/c-FLIP proteins and clinicopathological features of the NSCLC patients. The expression of DR5/c-FLIP protein in different tissues was statistically analyzed by Kruskal-Wallis and Bonferroni. The Spearman's rank correlation coefficient was used to assess the correlation between expression of DR5 and c-FLIP in NSCLC. Kaplan-Meier analysis was performed for overall survival curves, and statistical significance was estimated using the log-rank test. Overall survival was defined as the time from the diagnosis to the date of death or the date of last follow-up. Cox comparative hazards model was used to evaluate the independent prognostic factors of NSCLC. Two-sided statistical analysis was used and P<0.05 was considered to be statistically significant.
Results

Expression levels of DR5 and c-FLIP proteins were significantly higher in NSCLC.
Positive expression and cellular localization of DR5 and c-FLIP proteins in NSCLC and the non-cancerous control lung tissues were examined by IHC. The positive expression of DR5 protein was mainly located in the cell nucleus ( Fig. 1A-C ), and also in the cytoplasm and cell nucleus. Positive expression of c-FLIP protein was identified in the cytoplasm ( Fig. 1D and E); a few cases showed positive staining both in the cytoplasm and membrane. The matched IgG isotype antibody showed no positive staining of c-FLIP as a negative control (Fig. 1F ).
The percentage of high expression of DR5 protein was 12.6% (13/103), 34.7% (43/124) and 2.0% (1/49) in lung SCC, lung ADC and non-cancerous control lung tissues, respectively. In terms of c-FLIP protein, the percentage of positive expression was 79.6% (82/103), 51.6% (64/124) and 20.4% (10/49) in lung SCC, lung ADC and non-cancerous lung tissues. The results showed that the expression levels of DR5 and c-FLIP proteins were significantly higher in lung SCC and ADC tissues compared with levels in the control tissues (P<0.05) ( Fig. 2) .
Association between expression of DR5 and c-FLIP proteins and clinicopathological features of the NSCLC cases.
We further investigated the associations between the overexpression of DR5 and c-FLIP proteins and the clinicopathological features of the NSCLC patients in a univariate Chi-square test, including age, sex, histological type, pathological degree, clinical stage, LNM (lymph node metastasis) status and smoking status ( Table I ). The results indicated that patients with ADC had significantly increased expression of DR5 protein than patients with SCC (P<0.001). However, the opposite trend was observed in regards to c-FLIP protein (P<0.001). Compared to clinical stage III, the percentage of cases with positive expression of c-FLIP protein was significantly lower in patients with clinical stage I and II (P=0.016) and younger nonsmoker patients (P=0.028, P=0.019, respectively). No differences were observed between the expression of DR5 and c-FLIP proteins and other clinicopathological features, such as sex, pathological degree and LNM status of NSCLC patients (all P>0.05). We also investigated the relationship between the overexpression of DR5 and c-FLIP proteins and clinicopathological features of lung ADC and lung SCC, respectively (Table SII ). In the lung ADC, the percentage of cases with positive expression of c-FLIP protein was significantly higher in older patients (P=0.007). Lung SCC patients with well/moderate differentiation had significantly increased expression of c-FLIP protein when compared with patients with poor differentiation (P=0.003). There was a positive correlation between positive expression of c-FLIP protein and clinical stage both in lung The percentages of positive expression of DR5 in the lung SCC and lung ADC were significantly higher than these in the noncancerous tissues (both P<0.001). The percentages of positive expression of c-FLIP in lung SCC and lung ADC were significantly higher than these in the noncancerous tissues (both P<0.001). Positive expression of DR5 exhibited a higher percentage in lung ADC than SCC and positive expression of c-FLIP had a higher percentage in lung SCC compared to ADC, and the differences were statistically significant (both P<0.001). ADC, adenocarcinoma; SCC, squamous cell carcinoma.
ADC and SCC, but no significant differences were achieved (P=0.072; P=0.078, respectively).
Pairwise association between expression of DR5 and c-FLIP proteins in NSCLC.
The pairwise association between overexpression of DR5 and c-FLIP proteins in NSCLC, including lung SCC and lung ADC, was revealed in Table II . Data showed that the high expression of DR5 protein was negatively correlated with the expression of c-FLIP protein in lung SCC (r=-0.243, P=0.013). But no correlation between DR5 and c-FLIP was found in lung ADC (r=0.027, P=0.763).
Impact of expression of DR5 and c-FLIP proteins on the prognosis of patients with NSCLC.
To further examine the impact of increased expression of DR5 and c-FLIP proteins on the OS rate of NSCLC patients, we used the Kaplan-Meier analysis to plot the survival curve and statistical significance was assessed using the log-rank test. The cumulative survival rate was 96.9% at 6 months, 88.9% at 12 months, 62.1% at 36 months and 51.7% at 60 months. The OS rate was significantly higher for NSCLC patients with high expression of DR5 protein than these with low expression (P=0.029, Fig. 3A) ; however, patients with positive expression of c-FLIP protein had a lower OS rate than those with negative expression (P=0.038, Fig. 3B ). In addition, compared with NSCLC patients with lymph node metastasis, a higher OS rate was observed for those without lymph node metastasis (P=0.001, Fig. 3C ). Of note, we also found that NSCLC patients with well and moderate differentiation had a higher OS rate than those with poor differentiation, whereas, the OS rate was lower for patients with late-stage (stage III) than those with early-stage (stage I and II) disease (P=0.002, Fig. 3D ; P<0.001, Fig. 3E, respectively ). In addition, there was no significantly prognostic impact on age, sex and histological type ( Fig. 3F ) (all P>0.05). Considering the differences in the expression of DR5 and c-FLIP protein in lung ADC and lung SCC, Kaplan-Meier survival analysis of these two proteins in lung SCC and ADC, respectively, is shown in Fig. S1 . In lung ADC, patients with high expression of DR5 protein had prolonged survival (P=0.024), and patients with negative expression of c-FLIP also exhibited prolonged survival, which had weak significance (P=0.061), while in lung SCC, DR5 and c-FLIP proteins had no significantly prognostic impact (both P>0.05). Multivariate analysis using Cox proportional hazard regression was also carried out to further confirm whether the overexpression of DR5 and c-FLIP proteins was the independent prognostic factor for NSCLC patients (Table III) . Data showed that high expression of DR5 protein and negative expression of c-FLIP protein may serve as independent Table I . Association between expression of DR5 and c-FLIP proteins and clinicopathological features of the NSCLC patients (n=227).
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Discussion
Apoptosis is an active suicide process regulated by gene coding in the process of growth, differentiation, development and pathology, also known as programmed cell death (7, 25) and mainly includes intrinsic and extrinsic pathways. Although apoptosis plays a critical role in eliminating damaged cells, abnormal regulation of apoptosis can lead to imbalance between cell proliferation and cell death, leading to tumorigenesis and drug resistance (26) . We conducted this study to examine the relationship between DR5/c-FLIP protein and clinicopathological/prognostic implications in NSCLC patients treated with chemotherapy after radical resection. Leithner et al found that TRAIL receptors were not only observed in the cytoplasm of NSCLC cells, but also in the nucleus, which was further confirmed in our study (27) . We demonstrated that the expression levels of DR5 and c-FLIP protein were higher in lung SCC and ADC, compared with levels in the non-cancerous tissues, which was consistent with previous reports (28, 29) . DR5 and c-FLIP proteins were also found to be expressed at higher levels than their normal counterparts in a range of other tumors, including colon, cervix and breast (30) (31) (32) (33) (34) , which indicates they may play an important role in various cancers. What's more, our data also showed that DR5 expression was significantly increased in lung ADC compared to SCC, while   Table II . Pairwise association between expression of DR5 and c-FLIP proteins in lung SCC and ADC. the expression of c-FLIP was higher in lung SCC than ADC, and late-stage patients had higher c-FLIP than early-stage patients, which needs to be further investigated. The results demonstrated that the expression of DR5 and c-FLIP proteins varied according to clinicopathological features which showed predictive value for the expression of these two proteins.
In various studies, the prognostic significance of DR5 protein expression in tumors has been determined with conflicting results, and the results are different even in the same tumor type. Decreased expression of DR5 was found to be associated with progression in melanoma (35) , while DR5 expression was found to be related to poor survival in breast cancer (32) . In NSCLC, the clinical outcomes are different. Spierings et al reported that DR5 expression increased the risk of death but the statistical significance was weak (36) . However, in another study, the researchers demonstrated that both nuclear and cytoplasmic DR5 were correlated with improved survival in advanced NSCLC patients (27) . The difference in prognostic value of DR5 may be related to the different types of tumors and the different treatments received by the patients. In the present study, all patients received platinum-based chemotherapy after radical resection. The results showed that the patients with high expression of DR5 had a significantly longer overall survival than these with low expression and the difference was statistically significant. Moreover, DR5 protein was also a favorable independent prognostic factor in lung ADC patients, but no significance was achieved in lung SCC patients. Our findings were in line with previous research (27) and further indicated that DR5 protein may be used as a predictor for tumor response to chemotherapy, which warrants further in-depth experiments for confirmation.
The c-FLIP protein is a potent anti-apoptotic protein that is overexpressed in many malignant tumors, and facilitates cancer cell escape from apoptosis (37) . Recently, evidence has emerged that the c-FLIP protein is the main reason for resistance to chemotherapeutic drugs. Kim et al reported that overexpression of c-FLIPs inhibited oxaliplatin-mediated apoptosis by enhancing XIAP stability and activating the Akt pathway in human renal cancer cells (38) . Another research revealed that colon cancer cells were resistant to oxaliplatin due to increased c-FLIP and Mcl-1 proteins (myeloid cell leukemia-1, a new member of the Bcl-2 family), resulting in Table III . Summary of the univariate and multivariate analyses for overall survival in the 227 NSCLC cases.
Univariate analysis
Multivariate analysis the upregulation of NF-κB, which ultimately led to anti-apoptotic capacity (39) . In the present study, we found that the overexpression of c-FLIP protein acts as a poor independent prognostic biomarker for NSCLC patients.
To the best of our knowledge, this was the first study to examine the prognostic value of DR5 and c-FLIP proteins in NSCLC patients, including lung ADC and lung SCC patients. Our results showed that DR5 is a favorable prognostic factor while c-FLIP is a worse prognostic factor. DR5 was negatively correlated with c-FLIP in lung SCC specimens, which warrants further in-depth experiments to further confirm these findings. In the present study, all patients underwent similar treatment (lobectomy + LN dissection and adjuvant platinum doublet chemotherapy) and baseline characteristics, thus we can easily conclude that DR5 and c-FLIP may serve as novel prognostic biomarkers for these NSCLC patients. To further assess the importance of DR5 and c-FLIP proteins as prognostic factors for NSCLC patients treated with chemotherapy, a larger number of studies are needed and more detailed patient characteristics will be collected in future studies. In addition, a good response to chemotherapy may be an important factor in prolonging the survival of NSCLC patients and a good prognosis may indicate a good response to chemotherapy. It has been shown that DR5/c-FLIP proteins are related to drug-induced apoptosis (5, 37, 38) , thus DR5/c-FLIP proteins may be used as predictive markers for the response of possible residual tumors to adjuvant chemotherapy, which needs more in-depth experiments to further confirm. In addition, disease (or relapse)-free survival is another important endpoint, but this was a retrospective study and was followed up by telephone interview which made the follow-up and imaging evaluation difficult to ensure balance and the evaluation was prone to deviation. Thus, it was difficult to obtain the accurate disease (or relapse)-free survival. In future research, we will give added attention to the standard follow-up method and disease (or relapse)-free survival.
In conclusion, our findings strongly suggest that high expression of DR5 and loss of expression of c-FLIP may be promising favorable independent prognostic markers for NSCLC patients. What's more, DR5 and c-FLIP proteins could also be used as predictors for the tumor response to chemotherapy drugs and provide a simply strategy to select patients for this therapy, but the prognostic value of DR5/c-FLIP proteins in NSCLC patients treated with surgical resection and chemotherapy is the more important role.
